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spring	 production	 and	 quality.	 Therefore,	 the	 current	 study	 evaluated	 elemental	
composition	and	bioaccessibility	of	oysters	fed	different	ratios	of	dietary	seaweed	






meat.	 Regarding	 elemental	 bioaccessibility,	 values	were	 similar,	 near	 100%	 in	 the	
cases	of	Cu,	Br,	and	I.	Only	for	Mn	and	Pb,	bioaccessibility	percentages	deviated	more	
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Hatchery	 production	 encompasses	 three	 distinct	 stages:	 brood-




larval	 viability	 are	 possible	 through	 intelligent	 innovations	 in	 brood-
stock	conditioning	 (González‐Araya,	Lebrun,	Quéré,	&	Robert,	2012;	
Utting	&	Millican,	1997).	 It	has	been	shown	 that	physical	 and	nutri-
tional	factors	can	modulate	gonadal	development,	either	accelerating	
gametogenesis	or	slowing	gonadal	maturation	(Gallager	&	Mann,	1986).
There	 are	 several	 nutritional	 studies	 on	 bivalve	 species	 that	
have	 tested	 different	 algal	 compositions	 for	 an	 enhanced	 repro-
ductive	 outcome	 (Anjos	 et	 al.,	 2017;	 González‐Araya	 et	 al.,	 2012;	
González‐Araya,	 Quéau,	 Quéré,	 Moal,	 &	 Robert,	 2011;	 Pronker,	
Nevejan,	 Peene,	 Geijsen,	 &	 Sorgeloos,	 2008;	 Utting	 &	 Millican,	











On	the	one	hand,	 it	 is	known	that	 the	dietary	nutritional	profile	
influences	the	physiology	of	bivalves,	having	typically	a	strong	effect	




























from	 its	matrix	during	digestion	 in	 the	gastrointestinal	 tract,	GI	 (bio-















2  | MATERIAL AND METHODS
2.1 | Experimental design
2.1.1 | Algal culture and diet formulation
Microalgae	(Alg)	Tisochrysis lutea	(formerly	known	as	Isochrysis af‐
finis galbana	or	T.ISO),	Skeletonema costatum	(SKT),	and	Chaetoceros 





growth	 and	 avoid	 algae	 settlement,	 and	 under	 constant	 condi-
tions	of	 light,	 at	 an	 intensity	of	9,900	 lux	at	 the	culture	 surface.	
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Seven	 hundred	 and	 twenty	 adult	 oysters	 (83.45	±	12.42	g	 total	
mean	weight;	2.40	±	0.77	g	average	dry	meat	weight;	10.4	±	0.96	cm	
mean	length)	from	Ria	de	Aveiro	(Portugal	western	coast—40º42′N;	












aerations	 to	avoid	deposition.	Food	was	added	daily	 to	 the	circuit	










2.2 | In vitro digestion model
An	 in	 vitro	 digestion	model	 was	 chosen	 for	 the	 determination	 of	





The	 composition	 of	 digestive	 juices	 (saliva,	 gastric,	 duodenal,	







Briefly,	 approximately	 0.5	g	 homogenized	 freeze‐dried	 oyster	
meat	was	weighed.	Sample	was	mixed	with	4	ml	of	artificial	 saliva	
at	a	pH	6.8	±	0.2	 for	5	min,	 then	8	ml	of	artificial	gastric	 juice	 (pH	
1.3	±	0.02	at	37	±	2ºC)	was	added,	and	pH	was	lowered	to	2.0	±	0.1.	
The	mixing	 lasted	 2	hr	 in	 a	 head‐over‐heels	movement	 (37	rpm	 at	
37	±	2ºC).	 Finally,	 8	ml	 of	 artificial	 duodenal	 juice	 (pH	8.1	±	0.2	 at	


















2.3.1 | Mineral elements and contaminants
With	the	exception	of	Br	and	I,	for	elemental	determination,	freeze‐
dried	samples	were	weighed	(0.5	g)	in	triplicate	and	digested	using	
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curve	was	made	with	no	 less	 than	five	standards	 in	different	con-
centrations.	Accuracy	was	checked	by	analysis	of	several	standard	
reference	materials	 (Table	 1).	 From	 these	 results,	 it	 could	 be	 con-
cluded	that	the	analyzed	material	was	in	the	value	range	of	the	cer-
tified	material.	 The	 limits	 of	 quantification	 (LOQ)	 of	 the	 elements	
were	 the	 following	 ones:	 Li—0.01;	 Be—0.01;	 Cr—0.02;	 Mn—0.02;	




Analyses	 were	 done	 in	 triplicate.	 The	 four	 nutritional	 regimes	
(SW100,	 SW50,	 SW25,	 and	 SW0)	 were	 compared	 as	 well	 as	 the	
five	studied	oyster	groups	(Initial,	SW100,	SW50,	SW25,	and	SW0)	
before	and	after	digestion.	 In	order	to	test	normality	and	variance	
homogeneity,	 Kolmogorov–Smirnov's	 test	 and	 Levene's	F	 test,	 re-
spectively,	were	used.	Data	fulfilled	both	of	these	parametric	tests’	
assumptions	with	exception	of	Co,	Mo,	and	I	in	the	oyster	feeds	and	




nonparametric	 analysis	 of	 variance	 (Kruskal–Wallis)	 followed	 by	
nonparametric	multiple	comparisons	test	(Zar,	1999).








of	 the	 feeds.	There	were	 significant	differences	between	 the	 four	
feeds. The concentration variation between these different feeds 
was	diverse:	As,	Br,	and	Mo	content	remained	unchanged	across	the	
four	 feeds;	 for	Cr,	Mn,	Co,	 Zn,	 Se,	 Sr,	 Cd,	 and	Tl,	 higher	 levels	 of	
microalgal	biomass	in	the	feed	led	to	higher	elemental	content;	and	
for	Li,	Be,	Ni,	Cu,	Sn,	I,	and	Pb,	lower	levels	of	SW	substitution	for	




microalgae	 (T.ISO,	 SKT,	 and	 C‐CAL)	 and	 SW	 (U. rigida)	 were	 culti-


















The	 elemental	 composition	 of	 the	 studied	 oyster	 groups	 (Initial,	
SW100,	SW50,	SW25,	and	SW0)	on	a	dry	weight	basis	is	presented	
in	Table	3.
First,	 a	 comparison	 with	 the	 elemental	 composition	 of	 the	
feeds	shows	that	with	exception	of	Cu	and	Zn,	no	accumulation	of	
TA B L E  1  Laboratory	performance	on	certified	reference	
material	(ERM‐CD200)	(n	≥	4)
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the	studied	elements	was	observed	in	the	oysters’	meat.	Quite	the	
opposite	was	verified;	most	elemental	 contents	were	 lower	 in	 the	
oysters	 than	 in	 the	 feeds.	While,	 in	 the	case	of	Cu,	a	 factor	of	10	
expressed	a	large	accumulation	of	this	element	by	the	oysters	in	all	
diets,	 in	 the	case	of	Zn,	 factors	 in	 the	 range	of	20–300	meant	an	


















levels	 of	 SW	substitution	 for	microalgae	 in	 the	 feeds.	 Indeed,	 the	
lowest	elemental	contents	of	Li,	Be,	Ni,	Cu,	Zn,	As,	Se,	Sr,	Cd,	and	Sn	
among	the	final	groups	were	all	registered	for	the	oysters	fed	SW0.	
Moreover,	 if	 all	 five	 groups	 were	 considered	 (including	 the	 Initial	





























Element SW100 SW50 SW25 SW0
Li	(mg/kg	dw) 2.14	±	0.03a 1.58	±	0.01b 1.30	±	0.01c 1.02	±	0.01d
Be	(µg/kg	dw) 26	±	1a 15	±	1b 10	±	2c 4	±	2d
Cr	(mg/kg	dw) 3.36	±	0.24a 4.05	±	0.12b 4.39	±	0.14c 4.73	±	0.21c
Mn	(mg/kg	dw) 99.8	±	3.5a 135.2	±	2.0b 152.9	±	2.0c 170.6	±	2.6d
Co	(µg/kg	dw) 818	±	15a 1,207	±	8ab 1,401	±	5ab 1,596	±	3b
Ni	(mg/kg	dw) 4.73	±	0.18a 2.85	±	0.12b 1.90	±	0.09c 0.96	±	0.06d
Cu	(mg/kg	dw) 21.9	±	0.1a 14.3	±	0.1b 10.6	±	0.1c 6.8	±	0.1d
Zn	(mg/kg	dw) 8.02	±	0.33a 22.81	±	0.87b 30.21	±	1.15c 37.60	±	1.42d
As	(mg/kg	dw) 3.34	±	0.18a 3.11	±	0.21a 2.99	±	0.23a 2.87	±	0.25a
Se	(mg/kg	dw) 1.07	±	0.11a 2.01	±	0.03b 2.47	±	0.08c 2.94	±	0.14d
Br	(mg/kg	dw) 466	±	5a 469	±	9a 471	±	11a 472	±	15a
Sr	(mg/kg	dw) 53.8	±	0.8a 117.1	±	4.6b 148.7	±	6.6c 180.3	±	8.7d
Mo	(mg/kg	dw) 2.04	±	0.10a 1.53	±	0.04a 1.28	±	0.01a 1.03	±	0.02a
Cd	(µg/kg	dw) 26	±	0a 37	±	2b 42	±	3c 48	±	3c
Sn	(µg/kg	dw) 366	±	9a 342	±	6ab 331	±	14ab 319	±	21b
I	(mg/kg	dw) 44.6	±	0.8a 23.6	±	0.4ab 13.2	±	0.1ab 2.7	±	0.1b
Tl	(µg/kg	dw) 7	±	0a 9	±	1ab 10	±	1b 11	±	1b
Pb	(mg/kg	dw) 1.69	±	0.11a 1.11	±	0.06b 0.82	±	0.04c 0.52	±	0.02d
Note.	Values	are	presented	as	average	±	SD.	Different	letters	within	a	row	correspond	to	statistical	
differences	(p	<	0.05).
TA B L E  2  Elemental	composition	(mg/
kg	dry	weight	and	µg/kg	dry	weight)	of	
the	used	oyster	feeds
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those	 in	 the	 current	 study.	 Besides,	 Cu	 reached	 500	mg/kg	 dw	 in	


























an	 explanation	 for	 low	 accumulation	 rates	 (Pavlov	 et	 al.,	 2015).	
Indeed,	 the	 viability	 results	 associated	with	 this	 study	 on	 brood-
stock	conditioning	of	C. gigas	 (Rato	et	 al.,	2018)	have	 shown	 that	
SW100	 oysters	 exhibited	 a	 higher	 mortality	 when	 compared	 to	
SW0	and	the	remaining	feeds,	being	unable	to	meet	the	demands	
for	maintenance—a	 lower	 standard	metabolic	 rate	was	measured	















ening	of	 the	 immune	system,	and	 regulation	of	growth	and	devel-





TA B L E  3  Elemental	composition	(mg/kg	dry	weight	and	µg/kg	dry	weight)	of	the	oysters	at	the	beginning	of	the	trial	and	after	being	fed	
different diets
Element Initial SW100 SW50 SW25 SW0
Li	(mg/kg	dw) 0.43	±	0.01a 0.55	±	0.01b 0.53	±	0.04b 0.51	±	0.02b 0.38	±	0.01a
Be	(µg/kg	dw) 5	±	0b 6	±	0a 3	±	0c 2	±	0c 1	±	0d
Cr	(mg/kg	dw) 1.00	±	0.02a 1.73	±	0.12a 0.92	±	0.03a 0.91	±	0.03a n.d.
Mn	(mg/kg	dw) 54.4	±	5.1ab 54.4	±	0.6a 71.1	±	7.0b 57.7	±	2.6ab 57.2	±	0.6ab
Co	(µg/kg	dw) 193	±	2a 237	±	3ab 272	±	16b 261	±	1ab 215	±	5ab
Ni	(mg/kg	dw) 0.36	±	0.01ab 0.57	±	0.01a 0.29	±	0.01ab 0.40	±	0.02ab 0.18	±	0.00b
Cu	(mg/kg	dw) 110.1	±	3.7a 202.9	±	0.4c 127.9	±	4.1b 133.3	±	4.0b 101.5	±	0.3a
Zn	(mg/kg	dw) 1,220	±	20c 2,716	±	56a 1,331	±	51b 1,330	±	24b 743	±	3d
As	(mg/kg	dw) 22.18	±	2.03a 20.80	±	0.55a 14.10	±	0.23b 13.30	±	0.88b 9.28	±	0.02c
Se	(mg/kg	dw) 2.65	±	0.14a 1.95	±	0.02b 2.12	±	0.06b 1.50	±	0.08c 1.14	±	0.07d
Br	(mg/kg	dw) 201	±	5a 208	±	4a 212	±	2a 220	±	5a 206	±	14a
Sr	(mg/kg	dw) 21.5	±	0.7c 35.8	±	0.9a 26.1	±	0.6b 26.8	±	0.7b 18.3	±	0.3d
Mo	(mg/kg	dw) 0.35	±	0.01ab 0.63	±	0.06a 0.23	±	0.02b 0.35	±	0.00ab 0.45	±	0.01ab
Cd	(mg/kg	dw) 1.35	±	0.01cd 2.84	±	0.12a 1.50	±	0.10bc 1.68	±	0.09b 1.21	±	0.02d
Sn	(µg/kg	dw) 33	±	1a 32	±	1a 27	±	2b 28	±	2b 16	±	1c
I	(mg/kg	dw) 3.1	±	0.0a 2.9	±	0.0ab 2.2	±	0.0ab 2.0	±	0.1ab 1.6	±	0.1b
Tl	(µg/kg	dw) 3	±	0a 2	±	0ab 2	±	0ab 2	±	0ab 1	±	0b
Pb	(mg/kg	dw) 4.15	±	0.25a 1.17	±	0.03a 0.45	±	0.01a 0.43	±	0.02a 0.18	±	0.00a
Abbreviation:	n.d.,	not	determined.
Values	are	presented	as	average	±	SD.	Different	letters	within	a	row	correspond	to	statistical	differences	(p	<	0.05).
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However,	excessive	 intake	of	any	of	 the	studied	elements	may	
pose	health	risks.	For	this	reason,	there	are	upper	limits.	According	



























interference	 of	 the	 blank	 (enzyme	 solutions	 used	 in	 the	 digestion	
model)	 did	 not	 enable	 a	 reliable	 determination	 of	 bioaccessibility	
percentages.	In	the	case	of	Zn	and	As,	there	were	also	interference	
problems	that	affected	the	accuracy	of	the	bioaccessible	contents.	
Hence,	 only	 bioaccessible	 contents	 (and	 bioaccessibility	 percent-
ages)	for	Mn,	Cu,	Br,	Sr,	Cd,	I,	and	Pb	are	presented.
There	was	an	increase	of	the	bioaccessible	concentration	of	Mn	




















Element Initial SW100 SW50 SW25 SW0
Mn	(mg/kg) 8.7	±	0.8a 8.6	±	0.1a 19.6	±	1.9c 13.0	±	0.6b 16.7	±	0.2bc
Cu	(mg/kg) 106.1	±	3.5a 222.4	±	0.4c 141.5	±	4.5b 149.0	±	4.4b 107.4	±	0.3a
Br	(mg/kg) 200	±	5a 205	±	4a 208	±	2a 218	±	5a 204	±	14a
Sr	(mg/kg) 20.8	±	0.7ab 26.2	±	0.7d 23.1	±	0.6bc 24.5	±	0.7cd 20.3	±	0.3a
Cd	(mg/kg) 1.10	±	0.00a 2.08	±	0.08d 1.50	±	0.10bc 1.63	±	0.09c 1.44	±	0.02b
I	(mg/kg) 3.0	±	0.0a 2.8	±	0.0a 2.0	±	0.0b 2.0	±	0.1b 1.5	±	0.1c
Pb	(mg/kg) 2.06	±	0.12a 0.66	±	0.02b 0.35	±	0.01c 0.27	±	0.01c 0.20	±	0.00c
Note.	Values	are	presented	as	average	±	SD.	Different	letters	within	a	row	correspond	to	statistical	
differences	(p	<	0.05).







Element Initial SW100 SW50 SW25 SW0
Mn 16	±	0a 16	±	0a 28	±	2bc 23	±	1b 29	±	2c
Cu 96	±	5a 110	±	8a 111	±	5a 112	±	7a 106	±	7a
Br 99	±	0a 99	±	1a 98	±	1a 99	±	1a 99	±	1a
Sr 97	±	2bc 73	±	10a 89	±	2ab 91	±	0abc 111	±	5c
Cd 81	±	0a 73	±	2a 100	±	2b 97	±	3b 108	±	6c
I 98	±	0a 97	±	3a 93	±	2a 98	±	3a 94	±	1a
Pb 50	±	7a 56	±	5a 79	±	22ab 63	±	5a 111	±	9b
Note.	Values	are	presented	as	average	±	SD.	Different	letters	within	a	row	correspond	to	statistical	
differences	(p	<	0.05).
TA B L E  5  Elemental	bioaccessibility	(%)	
of	the	oysters	at	the	beginning	of	the	trial	
and	after	being	fed	different	diets
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and	for	Mn,	all	values	were	equal	or	lower	than	29%	±	2%	(SW0).	For	
the	cases	where	differences	were	detected	between	oyster	groups,	































elements.	The	 relatively	 low	Pb	bioaccessibility	may	be	 related	 to	
its	mode	of	 storage.	 It	has	been	pointed	out	 that	Pb	 is	present	 in	















of	 seaweed	 substitution	 for	 microalgal	 biomass,	 which	 is	 highly	
relevant	in	culture	conditioning.	Namely,	it	was	observed	that	oys-
ters	fed	only	seaweed	had	the	highest	levels	of	Be,	Cu,	Zn,	Sr,	and	
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